This work introduces a method for the preparation of magnetic nano-composite particles coated with highly crosslinked poly (lauryl methacrylate) (PLMA), a hydrophobic polymer containing long chain alkyl groups for application in waste water treatment. The produced magnetic composite particles named Fe 3 O 4 /SiO 2 /P(LMA-DVB) were characterized by Fourier Transform IR (FTIR), Transmission electron microscopy (TEM) and X-ray diffractometer (XRD) analyses. Then the prepared composite particles were used for the removal of organic pollutants from water. The adsorption behavior was dependent on the nature of the pollutants with congo red showed highest adsorption efficiency.
INTRODUCTION
In the modern era, a chemist or an industrialist is going with a great challenge to face the contamination of the underground sources in irreversible way with recalcitrant and nonbiodegradable organics [1] [2] [3] [4] [5] . Organic compounds have many industrial applications such as pesticides, synthetic rubber, plastic, pharmaceuticals, petrochemicals, textiles, leather and in other industries [6, 7] . Therefore organic pollutants can be widely found in various industrial wastewaters. Most of these are considered as toxic, carcinogenic, mutagenic and teratogenic and thus considered dangerous chemical substances because they can accumulate in the human body and initiate a wide variety of symptoms such as headache, cough, nausea and shock [8] . Due to the improved dispersibility in water/salt and compatibility with the organic pollutant, the polymer-coated magnetic nanoparticles offer advantages on removal of pollutants. Resins for chromatographic separation, water purification, oil absorbency agents, viscosity modifiers, oil-soluble drag reducers etc. are the well-known applications of hydrophobic latex particles [9, 10] . The coating of hydrophobic polymer on Fe 3 O 4 particles is expected to increase adsorption ability, particularly of organic pollutant. LMA is a well-known industrially important hydrophobic monomer because it has long chain alkyl group, which in addition to its hydrophobicity also gives polymers with high flexibility (low glass transition temperature, T g ). In this investigation we prepared highly cross-linked PLMA coated magnetic nano-composite particles by restricting the polymerization of LMA and divinylbenzene (DVB) within the droplets containing Fe 3 O 4 /SiO 2 particles using oil-soluble initiator. The morphology, size distribution and application potential of Fe 3 O 4 /SiO 2 /P(LMA-DVB) composite particles as adsorbent for organic pollutants have been examined.
EXPERIMENTAL

A. Chemicals and instruments
LMA from Fluka, Chemika (Switzerland) was washed with 10%NaOH aqueous solution to remove any inhibitor and finally passed through activated basic alumina by column chromatography. Crosslinking agent DVB from Sigma-Aldrich, Chemie (80% grade) was purified with aqueous 10% NaOH solution and subsequently dehydrated by stirring with anhydrous CaCl 2 . Benzoyl peroxide (BPO) from BDH Chemicals Ltd., UK was recrystallized from methanol and preserved in the refrigerator before use. Tetraethylorthosilicate (TEOS) from Sigma Aldrich, USA, was preserved in the refrigerator and used without purification. Other chemicals were of analytical grade. Deionized water was distilled using a glass (Pyrex) distillation apparatus.
Transmission electron microscope (TEM) was performed with a JSEM-1230 microscope (JEOL, Tokyo, Japan) operating at a voltage of 100 kV, and optical image was obtained by a fluorescence microscope (IX71 Olympus, Japan) to see the particle morphology and size distribution. FTIR (Perkin Elmer, FTIR-100, USA), X-ray diffractometer (Bruker D8 Advance, Germany) were used for the characterization of the latex particles.
B. Preparation of Fe 3 O 4 /SiO 2 /P(LMA-DVB) particle
Magnetic (Fe 3 O 4 ) nano particles were prepared by co-precipitation of Fe 2+ and Fe 3+ from their alkaline aqueous solutions as reported elsewhere [11] . Fe 3 O 4 nanoparticles were encapsulated with SiO 2 using TEOS. Then precipitation copolymerization was carried out using LMA and DVB in presence of Fe 3 O 4 /SiO 2 particles within stable droplets containing hexadecane-toluene mixture (4:1 mixture HD-T) as porogen using BPO (2% w/w based on monomer) as an initiator. The produced magnetic composite particles named Fe 3 O 4 /SiO 2 /P(LMA-DVB) were washed by repeated replacement of continuous phase with distilled water.
C. Adsorption behavior of organic pollutants on Fe 3 O 4 /SiO 2 /P(LMA-DVB) particle For adsorption measurement, purified Fe 3 O 4 /SiO 2 /P(LMA-DVB) composite particles were mixed with aqueous solution of Gramaxone, Phenol, Salicylic acid and Congo red respectively. Allowing the dispersion-pollutant mixture to stand for 2 h and then the amount of adsorption was measured using UV-visible spectrophotometer. [12] . The peak positions remained the same during different steps of modification indicating that the crystalline structure of the magnetite is essentially maintained. The amorphous character of SiO 2 and copolymer is represented by the broad diffraction signal averages at 13.2°. The efficiency of Fe 3 O 4 /SiO 2 /P(LMA-DVB) composite particles as an adsorbent for organic pollutants is shown in Figure 4 . It is likely that adsorption of pollutants on composite particles is driven by the hydrophobic interaction as the composite particles are coated with hydrophobic P(LMA-DVB) layer. It is evident that the magnitude of adsorption is dependent on the nature as well as molecular size of the pollutants. Adsorption efficiency was calculated based on the total amount of pollutant taken in aqueous solution for measuring amount of adsorption. It can be mentioned that the concentration of the respective pollutant was fixed by their solubility limit. The adsorption efficiency reached maximum for hydrophobic large molecular weight Congo red followed by phenol [13] . Composite particles had minimum loading efficiency for herbicide. It is most likely that the higher water solubility of the pollutant is responsible for poor adsorption efficiency. 
RESULTS AND DISCUSSION
CONCLUSIONS
Magnetic hydrophobic polymer-coated Fe 3 O 4 /SiO 2 /P(LMA-DVB) nano-composite particles were prepared via suspension polymerization in mixed monomer-solvent (hexadecane-toluene) droplets containing Fe 3 O 4 /SiO 2 nanoparticles. The structure of composite polymer particles was confirmed by FTIR and XRD analyses. The magnetic composite particles had a nano-dimension in the dried state as observed from the electron micrograph. The removal of different organic pollutants by magnetic composite particles is driven by hydrophobic interaction.
